Background: Population admixture has been a common phenomenon in human, animals and plants, and plays a very important role in shaping individual genetic architecture and population genetic diversity. Inference of population admixture, however, is challenging and typically relies on in silico simulation. We are aware of the lack of a computer tool for such a purpose, especially a simulator is not available for generating data under various and complex admixture scenarios.
Background
Human migration resulted in population differentiation, and many populations, especially those living in different continents, have been isolated for quite a long time. However, subsequent migrations that occurred over the past millennia have resulted in gene flow between previously separated human subpopulations. This has been a common phenomenon throughout the history of modern humans, as previously isolated populations often come into contact through colonization and migration. As a result, admixed populations came into being when previously mutually isolated populations met and inter-married. In human, for instance, it was estimated there are over 100 admixture events occurred in recent 4000 years [1] , which plays an important role in shaping genetic diversity of modern humans. Therefore, study of population admixture will shed light on human genetic history and has many implications in medical research. However, inferring population admixture relies strongly on simulation. In silico simulation is useful in testing population genetic model, studying recombination, linkage disequilibrium, ancestry tracking, and admixture dynamics in admixed populations. A bunch of forward-and backward-time simulators [2] [3] [4] [5] [6] [7] has been developed in recent years. Some of the backward-time simulator (most of them are coalescent based), for example ms [2], could simulate population admixture under simple scenarios. However, it's very complex or even impossible to simulate an admixed population with fluctuating population size(s) or fluctuating gene flow(s) generation by generation. Some of the forward-time simulator, for example SFS_CODE [7], could also simulate admixture under simple scenarios, but they also suffered from the same problems of coalescent based simulators.
To our knowledge, there is no simulator that focuses on simulating and tracking the dynamics of recombination and ancestry in admixed populations, and allowing change population size(s) and gene flow(s) generation by generation.
Implementation

A Generalized Admixture Model
Population admixture is accomplished by receiving gene flow(s) from ancestral populations either continuously or discontinuously. To make the modeling of population admixture more general, we can model this process generation by generation, in which, if the admixed population does not receive further gene flow(s) in a particular generation, we set the strength of gene flow(s) to 0.
Given an admixed population with K (K > 1) ancestral populations and was formed T (T > 0) generations ago can be well modeled by a K×T matrix M. The m ij in M denotes the strength of gene flow from jth ancestral population at ith generation, where m ij fulfills two requirements: 1) 0 ≤ m ij ≤ 1; and 2) ∑ m ij = 1 when i = 1.
Simulation Process
In a recent admixed population, novel mutations and selections have negligible impacts on shaping the genetic diversity on whole genome scale, here we neglected mutations and selections in our simulation. Recombination is modeled as Poison process along chromosome (chromosomal end is ignored) with rate 1 (unit in Morgan). In a certain generation, i, the population size of admixed population is N, and the rate of gene flow from jth ancestral population is m ij , we generate individuals in current generation by two steps: 1) For gene flow from the jth ancestral population, we randomly sample N×m ij individuals from the jth ancestral population, and repeat this procedure for all the gene flow events at current generation and the rest of individuals are randomly sampled from the admixed population in previous generation;
2) With the sample pool generated in step 1), we randomly choose two individuals in the pool, then randomly choose one of the chromosomes from one individual, pair and recombine it with the one randomly chosen in another individual, to form a new chromosome pair. Repeat these procedures until N individuals are generated.
Individuals are generated by the two steps generation by generation. At the end of simulation, n individuals are randomly sampled; the start, end positions and the ancestry of a chromosome segment from which are recorded. In addition, the haplotypes for each individual are also recorded for further studies.
Results and Discussion
As previous study has already deduced the theoretical distribution of the length of ancestral test the impact of generation since admixture on running time, we run a series of tests in which generation ranges from start to end, increased by 1 step size each time. The details of parameters setting for each test can be found in Table 1 . The results show that the AdmixSim runs very fast even with large population size, and the running time shows a trend as expected ( Figure 2 ).
Conclusions
Here we developed a fast and flexible simulator aiming for modeling various and complex scenarios of population admixture, with which can simulate an admixed population with: 1) multiple ancestral populations; 2) multiple waves of admixture events; 3) fluctuating population sizes; and 4) fluctuating admixture proportions. With AdmixSim, the users can not only easily simulate an admixed population under the three typical admixture models, i.e. hybrid isolation (HI) model, gradual admixture (GA) model, and continuous gene flow (CGF) model as described in previous studies [12] , but also simulate an admixed population with more complex scenarios, for example, three-way admixture with multiple waves of gene flows. This simulator is expected to facilitate study of population admixture thus can greatly help us to understand the processes of human migration, admixture and evolution, which further gives insights into both evolutionary and medical studies of human genetic diversity. 
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